Artificial changes of rivers, including construction and operation of dams, inevitably lead to physical and ecological changes throughout waterways and their floodplains. In this study, a conceptual model coupled with integrated numerical modeling is presented for hydraulic fish habitat assessment of the Geum River basin, Republic of Korea. Based on the major events which might have affected the ecological system, a conceptual model was formulated to guide desktop and field studies, modeling and scenario evaluations. The result of hydraulic fish habitat assessment indicated that the construction of the Daecheong Multipurpose Dam (DMD) in the Geum River basin has altered flow magnitudes and reduced the river's flow variability. Changes are evident in the magnitude of medium and small flows and the river experiences increased low flows during the dry season. Black shiner, an endangered fish species in Korea, was selected and analyzed to explore relationships between flow regime change by dams and changes to its preferred habitats. As a result, fewer sensitive riffle-benthic species were observed in the reaches downstream of DMD due to the reduction of suitable habitat conditions such as riffle-pool sequences. The proposed conceptual model and integrated toolkit would allow river managers to isolate the physical and biological effects associated with dam operation and could be useful for developing river management strategies. INTRODUCTION Most major rivers in Korea have experienced extensive modifications including construction of artificial structures, such as multipurpose dams for flood protection, water supply, hydro-energy generation, and other purposes. The construction and operation of such a dam inevitably leads to physical and ecological changes throughout waterways and their floodplains, mostly downstream of the reservoir, as well as within the reservoir itself and in some cases, also upstream. Downstream impacts are developed through discontinuity in longitudinal gradients, and most of all in modification of the flow regime. These impacts consequently lead to secondary changes in fluvial and floodplain processes, affecting the high spatial and temporal variability of available habitats characteristic of river floodplain systems. These primary and secondary changes have biological and socio-economic implications.
physical processes and thus have deleterious impacts on ecological integrity (Poff et al. 1997) . Richter et al. (1996) proposed the index of hydrologic alteration as a tool to quantify hydrologic alterations and compare natural and Currently two main approaches are used to isolate effects of anthropogenic disturbances from effects of natural environmental factors. One of them is application of analytical techniques in which natural variability is taken into account by mathematical methods. These are multivariate statistical methods (Leps & Smilauer 2003) and mathematical modelling methods such as artificial neural networks (Cereghino et al. 2003; Park et al. 2004) . Another, more direct, approach is to find a community metric independent of natural environmental factors and therefore stable along gradients of natural factors (e.g. river continuum), yet sensitive to anthropogenic disturbance (Beketov & Matthias 2008) . However, there is little knowledge as to what quantitative components of the hydrologic regime are really important for maintenance of ecosystem function, which ones are less important and which components of the natural regime can be changed and how (Bunn & Arthington 2002) .
Recently, Jorde (2006) conceptualized a systematic order of impacts on a river environment as illustrated in Each of the four orders of impact requires separate modeling processes. The first order determines the model's physical upstream boundary conditions followed by the hydraulic and transport models in the second order.
Biological simulations are performed as third order responses to physical changes. Finally, the fourth order is a feedback process that supplies changed initial conditions to the second and third orders for future simulations.
In this study, a conceptual model coupled with numerical modeling is presented for the Geum River basin, Korea. The methodology will: (1) isolate operational impacts from other basin changes, (2) assess the impacts of dam operation-based influences on downstream physical processes, (3) link physical process evaluation with biological processes and ecological function, and (4) be used in a predictive capacity. These qualities of the conceptual and numerical models will allow river managers to isolate the physical and biological effects associated with the dam operation in the basin and develop river management strategies to mitigate those effects. There are many physical and biochemical factors, such as water quality and geomorphologic conditions, which could affect the fish community.
All the factors need to be better understood before any remedial actions can be taken to positively restore the ecosystem, especially the fish community. However, the flow regime change has been regarded as one of the key drivers affecting the fish community by altering river and floodplain ecosystems (Bunn & Arthington 2002) .
Therefore, this paper focused on the hydraulic fish habitat changes caused by flow regime alteration by employing a suit of river basin analysis models.
GEUM RIVER BASIN
The Geum River basin is the third largest river basin in (Table 1) .
CONCEPTUAL MODEL
A conceptual model has three major purposes. First, it establishes the systematic template of a specific catchment or floodplain with all contributing impacts, second it identifies reference scenarios and compares those with the contemporary or any other impacted situation, and third it allows for the evaluation of future restoration strategies.
The conceptual model for the Geum River basin has been developed to provide a framework for structuring, analysing, and quantifying the impacts of altered hydrologic regimes below dams on the ecosystem. 
RESULTS AND DISCUSSION

Geomorphic changes in the Geum river
The bed slope in a river is a very crucial factor to distinguish river characteristics. It is also very important to understand sediment yield in a watershed, providing a key factor to determine bed elevation change in a river. In general, the river bed is continually changed by natural factors such as fluctuation of discharge due to rainfall, geomorphic charac- The instability of river and bed changes makes it difficult to manage and plan rivers. The channel width measured from levee to levee did not change significantly along the main stream because of the embankment work. and about 30 native fish species have not been found during these years. The missing species were either too rare to be captured or they may have become locally extinct. Many of The assessments of this paper mainly focused on the impact of dam construction to fish habitat change.
Flow regime change
General statistics
However, the conceptual and modeling approaches developed for a future whole-of-river assessment can be used for fish, vegetation, and water quality along the main channel as well as the major tributaries of the Geum River.
Furthermore, the proposed method can efficiently be integrated with the existing tools such as SPEAR (Beketov & Matthias 2008) for the river management. The intent is to produce a suite of biological parameters that define ecological structure and function and then to conduct habitat condition assessments and estimate the flows required to maintain suitable habitat for each section of the river.
